We compared the performance characteristics of a real-time PCR method, the LightCycler Strep-A assay (Roche Applied Science, Indianapolis, Ind.), to those of a rapid antigen immunoassay, the Directigen 1-2-3 Group A Strep Test kit (BD Diagnostic Systems, Sparks, Md.), and a standard culture method for detection of group A streptococci (GAS) from 384 throat swabs. The LightCycler PCR produced more positive results (n ‫؍‬ 58) than either culture (n ‫؍‬ 55) or the Directigen immunoassay (n ‫؍‬ 31). The results of the LightCycler PCR and the Directigen method were independently compared to the results of the accepted "gold standard," bacterial culture. The sensitivities, specificities, and positive and negative predictive values for this comparison were as follows: for the Directigen method, 55, 99, 97, and 93%, respectively; for the LightCycler PCR, 93, 98, 88, and 99%, respectively. In no case was a throat swab positive by both the LightCycler PCR and the Directigen method but negative by culture. The medical histories of patients whose throat swabs were negative by culture but positive by either the LightCycler PCR (n ‫؍‬ 7) or the Directigen method (n ‫؍‬ 1) were reviewed. All of these patients had signs or symptoms compatible with GAS disease, and therefore, all of these discordant positive results (along with positive results by either the Directigen method or the LightCycler PCR that agreed with the culture results) were counted as true positives for statistical analysis. For this analysis, the LightCycler PCR detected more true-positive results than the culture method (58 versus 55 swabs); however, this difference was not statistically significant (P ‫؍‬ 0.5465). In contrast, statistically significantly more true-positive results occurred by culture than by the Directigen method (55 versus 31 swabs; P < 0.0001) and by the LightCycler PCR than by the Directigen method (58 versus 31 swabs; P < 0.0001). The LightCycler PCR is a suitable stand-alone method for the detection of GAS from throat swabs. Additionally, this method requires less than half the personnel time and the procedure can be completed in considerably less time (ϳ1 h) than our standard approach (up to 2 days) for detection of GAS in throat swabs (i.e., testing by the Directigen method with negative results verified by culture).
Group A streptococci (GAS) are the most common cause of acute pharyngitis and account for 15 to 30% of cases of acute pharyngitis in children and 5 to 10% percent of cases in adults (4) . Rapid direct detection of GAS is preferred by patients and physicians. If the diagnosis can be provided on the same day as an office visit, antibiotic therapy can be provided immediately so that symptoms can be relieved sooner, sequelae, including rheumatic fever, can be prevented, and absenteeism from work, day care, or school can be decreased.
Over the past decade, streptococcal antigen immunoassays, also referred to as "rapid antigen assays," have been available for point-of-care testing for GAS in physicians' offices. Although these tests provide a rapid (same-day) test result, they are expensive and sometimes challenging to perform. Frequently, these assays require multiple manual steps and interpretation, the latter of which requires visual inspection and is sometimes difficult. Furthermore, these assays lack sensitivity and, in some instances, specificity compared to the "gold standard" test for detection of GAS, bacterial culture (14, 22) . Several U.S. national advisory committees recommend that, because rapid immunoassays lack sensitivity, all specimens with negative results by these tests be cultured (1, 5, 8) . A major drawback of culture is that it requires a minimum of 16 to 18 h for detection of a positive result.
Recently, rapid-cycle real-time PCR methods which are highly sensitive and specific for the detection and quantification of infectious disease agents have become available (7) . These assays are easy to perform and can be completed in as little as 30 to 60 min. We prospectively evaluated the efficacy of one rapid-cycle real-time PCR method, the LightCycler Strep-A assay (Roche Applied Science, Indianapolis, Ind.), for the detection GAS from throat swabs. We compared the accuracy, time for completion, and labor requirements of this rapid PCR method to those of both a rapid antigen immunoassay, the Directigen 1-2-3 Group A Strep Test kit (BD Diagnostic Systems, Sparks, Md.), and a standard culture method.
MATERIALS AND METHODS
Study design. The study was approved by the Institutional Review Board of the Mayo Foundation. Consecutive throat swab specimens for culture were collected from 8 August 2001 through 25 September 2001 from 423 adult and pediatric patients attending a large ambulatory-care clinic. Thirty-nine of 423 (9.2%) patients were excluded from the evaluation because these patients or their guardians declined to provide permission to use their specimens and medical histories for evaluation (Minnesota Statute 144.335). A total of 384 throat swab cultures for 382 patients were available for analysis.
Collection of specimens. All specimens were collected by physicians, nurse practitioners, or registered nurses by using a double-swab collection and transport system (CultureSwab; Becton Dickinson Microbiology Systems, Cockeysville, Md.). One swab was used for the Directigen rapid antigen immunoassay and culture and the other was used for the LightCycler PCR assay.
Culture. The first swab was inoculated onto Strep Selective Agar (SSA; BBL Microbiology Systems Division, Becton Dickinson, Baltimore, Md.) plate. SSA plates were incubated at 35°C in ambient air for 24 to 48 h. Beta-hemolytic colonies were confirmed to be GAS by a direct fluorescent-antibody technique (Difco Laboratories, Detroit, Mich.) The quantities of GAS colonies were scored as follows: 1ϩ, Ͻ10 colonies in the first quadrant streak area; 2ϩ, Ն10 colonies in the first quadrant streak area and Ͻ5 colonies in the second streak area; 3ϩ, Ͼ10 colonies in the first quadrant streak area, Ն5 colonies in the second quadrant streak area, and less than 5 colonies in the third quadrant streak area; and 4ϩ, Ͼ10 colonies in the first quadrant streak area, Ͼ5 colonies in the second quadrant streak area, and Ն5 colonies in the third quadrant streak area.
Rapid antigen immunoassay. After inoculation of the SSA plate, the same swab was used for evaluation with the Directigen 1-2-3 Group A Strep Test kit. The procedure was performed according to the instructions provided by the manufacturer.
LightCycler PCR assay. The LightCycler technology combines the features of rapid PCR and real-time detection of an amplification product (7) . Rapid PCR is possible by virtue of rapid thermocycling, which is a feature of the LightCycler instrument. Detection of the amplification product occurs after each PCR cycle, hence the designation "real-time PCR." Real-time detection is performed by using dual fluorescent resonance energy transfer (FRET) hybridization probes that anneal in a head-to-tail configuration to single-stranded target DNA. During FRET detection of the product there is an energy transfer between the donor fluorophore, fluorescein, on the 3Ј end of the first hybridization probe and the acceptor fluorophore, LightCycler Red640 (LC-Red640), on the 5Ј end of the second hybridization probe. This energy transfer occurs when the probes hybridize to their adjacent positions on the target DNA molecule and an external light source excites the donor fluorescein that in turn transfers its energy to the LC-Red640 molecule. This energy transfer causes the LC-Red640 molecule to emit a signal that can be detected by the LightCycler instrument.
For each specimen the exposed shaft of the CultureSwab was secured by using a gloved hand and Bio-Screen biohazard wipe (Fisher Scientific, Pittsburgh, Pa.), and the swab portion was inserted into the inner tube of the Swab Extraction Tube System (S.E.T.S.; part no. 3 315 568; Roche Applied Science). The shaft was then broken above the swab portion contained in the inner tube. The S.E.T.S. with the swab was capped and centrifuged at 20,800 ϫ g for 3 min in a microcentrifuge with an aerosol-tight fixed-angle rotor (Eppendorf 5417C; Brinkman Instruments, Westburg, N.Y.) to extract the bacteria from the swab and pellet them into the bottom of the outer tube of the S.E.T.S. The S.E.T.S. was removed from the centrifuge without tilting it, and the inner tube containing the swab was removed and discarded. The supernatant was aspirated from the outer tube of the S.E.T.S. with a fine-tip plastic transfer pipette. The pellet was resuspended in 100 l of sterile irrigation water, and the screw cap was placed tightly on this tube, which was heated in a 100°C heating block for 10 min and then centrifuged at 20,800 ϫ g for 3 min. Five microliters of the supernatant was combined with 15 l of the PCR reagent mixture. The PCR reagent mixture was produced by using the following amounts and types of reagents: Representative results for analysis of the real-time quantification data are shown in Fig. 1 and 2 . A representative melting curve analysis which confirms the identification of the amplicon as belonging to GAS by comparison of the melting temperatures (T m s) of the controls to those of the samples is shown in Fig. 3 . For this analysis, at the conclusion of thermocycling the temperature of the reaction vessel is slowly increased, with the result being a loss of the FRET signal due to separation of the FRET probes from the target DNA. The negative derivative of fluorescence over time is compared with the temperature. This quality control step confirms that the target DNA amplified is the DNA of GAS. For this assay the T m for GAS by melting curve analysis is 57.3 Ϯ 2.5°C. Large-colony-forming group C and group G streptococci can cause human pharyngitis and have recently been classified in the same species (Streptococcus dysgalactiae subsp. equisimilis) (21) . These streptococci have a single-base difference in the segment of DNA which is amplified by the LightCycler PCR assay. The cycling curves produced for GAS ( Fig. 1) are not produced for group C or group G streptococci, as the annealing temperature used in that analysis (ϳ55°C) is too high to permit attachment of one of the FRET probes to the target DNA for group C or group G streptococci. However, for the melting curve analysis a lower initial (annealing) temperature (ϳ45°C) is used so that partial hybridization of the FRET probe with target DNA for group C or group G streptococci occurs. Therefore, a melting curve is generated for group C or group G streptococci with a T m of 51.5 Ϯ 2.5°C. A recovery template (internal control) is amplified in the same reaction (Fig. 4) . The recovery template amplification product is detected in channel F3 and should be present for samples in which there are no GAS or group C or group G streptococci Clinical evaluation. Each of the results for the Directigen rapid antigen immunoassay and LightCycler PCR were compared to the results for culture to determine sensitivities, specificities, and positive and negative predictive values. Therefore, culture was considered the gold standard for this comparison. Discordant positive results for either the Directigen immunoassay or the LightCycler PCR versus the results of culture were further evaluated by a review of the patient's medical history (see below).
Medical history reviews. One of the coauthors of this article (S.C.A.) reviewed the medical histories of all patients for whom a positive result occurred by only one of three methods, the Directigen immunoassay, culture, or the LightCycler PCR assay. That reviewer is a physician who works in the outpatient clinic from which the throat swab specimens for the study were obtained and was not involved in the laboratory testing of specimens. Patient histories were reviewed for evidence of signs and symptoms compatible with GAS infection in an effort to distinguish GAS carriers from patients with GAS disease. For the purposes of the present study, we assumed that a true-positive result should correlate with GAS disease and not asymptomatic carriage of GAS. These signs and symptoms were summarized by Dajani and colleagues (8) and include the following: the characteristic symptoms sudden onset of sore throat, pain on swallowing, fever, headache, abdominal pain, or nausea and vomiting; the uncharacteristic symptoms coryza, hoarseness, cough, or diarrhea; the characteristic signs tonsillopharyngeal erythema, tonsillopharyngeal exudate, soft-palate petechiae, beefy red and swollen uvula, anterior cervical lymphadenitis, or scarlatiniform rash; and the uncharacteristic signs conjunctivitis, anterior stomatitis, or discrete ulcerative lesions. At the time that the study was performed, the results of standard testing (Directigen immunoassay and culture) but not the results of the LightCycler PCR were available to clinicians.
Statistical analysis. Confidence intervals for sensitivity, specificity, and positive and negative predictive values were based on exact binomial probabilities. The differences between sensitivities were evaluated by McNemar's test (19) .
FIG. 2.
Quantitative representation or cycling curve analysis of recovery template (internal control) for the LightCycler PCR assay. The recovery template FRET probe has a different reporter dye (LCRed705) than the FRET probe used to detect target DNA in the sample (LC-Red640 dye) and is detected in channel F3 of the LightCycler instrument (see Fig. 4 ). F3 is the fluorescence emission for the LC-Red705 fluorophore, and F1 is the fluorescence emission for the fluorescein fluorophore. This quality control step indicates whether inhibition of the PCR occurred in any of the patient samples or the positive or negative controls. Amplification of the recovery template should occur with each of these analyses except when the amount of target DNA in the patient's sample significantly exceeds that of the recovery template DNA. In this case, the target DNA competes with the recovery template DNA, but because the sample is positive, assessment of PCR inhibition by means of recovery template DNA amplification is unnecessary. The T m of GAS by melting curve analysis is 57.3 Ϯ 2.5°C. Large-colony-forming group C and group G streptococci of human origin, which have recently been classified as the same species (S. dysgalactiae subsp. equisimilis), produce identical melting curves, with a T m of 51.5 Ϯ 2.5°C, but are not detected during the real-time quantification portion of the PCR .   FIG. 4 . Recovery template. The recovery template (internal control) has the same sequence as the PCR product, except that the probe region has been replaced with a sequence complementary to recovery template probes. FRET detection of the target DNA is with a probe labeled with the LC-Red640 dye in channel 2 of the LightCycler instrument, while the recovery template is detected with a probe labeled with the LC-Red705 dye in channel 3. A small amount of the recovery template is added to the PCR mixture and is amplified along with the target DNA by the same primers. Thus, the two reactions compete for the primers. Normally, the recovery template is amplified from all samples, including the negative control. If neither the recovery template nor the target DNA is amplified, it is assumed that inhibition of the PCR has occurred and the test for that sample is not valid. However, if the target DNA is amplified but the recovery DNA template is not, it is assumed that the target DNA is present in a proportionally greater amount. In this situation, partial inhibition of the PCR may be present but the target DNA is successfully amplified or the recovery template may not be able to compete for primers and the recovery template signal may be weak or not present. When this occurs, the positive result is valid because the recovery template amplification is unnecessary.
Assessment of assay time and labor requirements. The approximate time required to complete each test, including specimen preanalytical processing and assay time, was recorded for each assay. Additionally, the amount of personnel time required for each test method was assessed by using approved guidelines for workload recording published by the National Committee for Clinical Laboratory Standards (16) . (Fig. 5) . PCR inhibition was detected by means of a lack of recovery template (internal control) amplification for 4 of 384 (1%) specimens evaluated by the LightCycler PCR method. Table 2 compares the results for each of the two rapid methods, the Directigen rapid antigen immunoassay and the LightCycler PCR, to those of the conventional gold standard method, bacterial culture. The sensitivities, specificities, and positive and negative predictive values were as follows: for the Directigen antigen immunoassay, 55, 99, 97, and 93%, respectively; for the LightCycler PCR assay, 93, 98, 88, and 99%, respectively. In no case was a throat swab positive by both the LightCycler PCR and the Directigen method but negative by culture. However, positive results occurred by either the LightCycler PCR or the Directigen method for some samples that were negative by culture. The results for swabs with discordant positive results by the LightCycler PCR versus the results of culture (n ϭ 7) and by the Directigen method versus the results of culture (n ϭ 1) were reconciled by a review of the medical history. All of the patients with discordant positive results by either of these methods had signs or symptoms compatible with GAS disease; therefore, these discordant positive results (along with positive results by either the Directigen method or the LightCycler PCR that agreed with the culture results) were considered true positives for statistical analysis (Table 3) . For this analysis, the LightCycler PCR detected more true-positive results than the culture method (58 versus 55 swabs); however, this difference was not statistically significant (P ϭ 0.5465). In contrast, statistically significantly more true-positive results occurred by culture than by the Directigen method (55 versus 31 swabs; P Ͻ 0.0001) and by the LightCycler PCR than by the Directigen method (58 versus 31 swabs; P Ͻ 0.0001).
RESULTS

Specificity panel evaluation for
From the review of the medical history, sore throat and/or tonsillopharyngeal erythema were recorded as a symptom and/or sign by the health care provider in the medical history FIG. 5 . Distribution of GAS-positive results for each of the assays tested. The positivity rate (any assay positive) was 63 of 384 samples (16.4%). For four samples (1.0%) inhibition of amplification of the recovery template (internal control) was detected by the LightCycler PCR assay. Of the 321 negative samples, 10 (3.1%) were found to contain DNA from group G or group C streptococci by the LightCycler PCR assay. for all seven patients positive only by the LightCycler PCR assay, for the single patient positive only by the Directigen antigen immunoassay, and for three of the four patients positive only by culture. Four of the seven patients positive only by the LightCycler PCR were treated with antibiotics effective against GAS, even though the health care providers responsible for these patients were unaware of the positive LightCycler PCR result. For the remaining patient positive only by culture, no signs or symptoms were present at the time that the specimen for culture was obtained. This patient had a history of recurrent sore throat. Although this result would be considered false positive, it was not discounted as such because for the purposes of this study culture was considered the gold standard.
A review of melting curve analyses for all LightCycler PCR assays negative by quantitative analysis for GAS demonstrated that 10 of 322 (3.1%) of the samples contained DNA compatible with either group C or group G streptococci. Figure 6 compares the LightCycler PCR crossing points (the cycle number at which the LightCycler PCR result is positive) with quantification (1ϩ to 4ϩ) of colonies from the culture plate. As can be seen, as the quantity of colonies on the culture plate increases from 1ϩ to 4ϩ, the cycle number (crossing point) decreases. This indicates that fewer thermocycles are required to amplify DNA from samples with higher initial quantities of target DNA, which correlates with higher colony counts on culture plates. As expected, lower colony counts were associated with negative LightCycler PCR results. Three of the four specimens positive only by culture had 1ϩ growth, and the one specimen positive only by culture had 2ϩ growth.
Assessment of assay time and labor requirements. The approximate times required to complete each test including preanalytical processing and analysis were as follows: Directigen rapid antigen immunoassay, 10 min; culture, 24 to 48 h; LightCycler PCR, 1.5 h. The personnel times (workloads) calculated for the Directigen rapid antigen immunoassay and culture, if culture was subsequently required, were combined as these methods reflect our present clinical practice. That is, the Directigen antigen immunoassay is performed, and if the result is negative, a culture is performed. The personnel time calculated for the LightCycler PCR was considered separately, as the results of the present study suggest that the LightCycler PCR can replace the sequential Directigen method-culture evaluation of a specimen. Unlike the Directigen method, which is performed on demand in the outpatient setting in our institution, the LightCycler PCR assays are performed in batches in the clinical microbiology laboratory, with up to 32 samples evaluated (specimens and controls) per run. For these processes the personnel time required for the combination of the Directigen antigen immunoassay and culture (7 min) was calculated to be more than twice that required for the LightCycler PCR method (3 min).
DISCUSSION
The gold standard test method for identification of GAS from throat swabs has been culture. Over the past two decades, we and others have compared a variety of rapid antigen immunoassays to culture (2, 12, 13, 18, 22) . The sensitivities of these rapid assays have never equaled that of culture and are frequently considerably less than that of culture. For example, Wegner and colleagues (22) reported sensitivities ranging from 31 to 50% for five rapid antigen assays for GAS when they were compared with a two-plate culture method. This twoplate culture method (a 5% sheep blood Trypticase soy agar plate incubated aerobically and a 5% trimethoprim-sulfamethoxazole agar plate incubated anaerobically) was a rigorous gold standard. However, many subsequent studies that have used less rigorous culture-based gold standards (one agar plate with or without broth) have shown similar results (4).
Among antigen detection methods, an optical immunoassay (BioStar Strep A OIA; Thermo Biostar Inc., Boulder, Colo.) has had the best performance. In our hands the sensitivities of that method and our standard culture method compared to the results of a combined gold standard were 81.0 and 92%, respectively (9). The combined gold standard was defined as a positive culture result with 5% sheep blood agar or ToddHewitt broth or, if both of these culture methods were negative, a concomitant positive result by the BioStar optical immunoassay and another rapid antigen immunoassay, Pacific Biotech CARDS O.S. (Pacific Biotech, Inc., San Diego, Calif.).
A rapid molecular method that has gained popularity for detection of GAS is the Group A Streptococcus Direct Test (Gen-Probe, Inc., San Diego, Calif.). This method identifies specific rRNA sequences unique to GAS by using singlestranded DNA. Labeled DNA-RNA duplexes are formed. We noted a sensitivity of 89% for this method compared with the results of culture (5% sheep blood agar) (18) .
Because studies have consistently demonstrated that rapid GAS detection methods, including those covered in the preceding discussion, are less sensitive than culture, several national advisory groups have recommended that for children and adolescents negative results of rapid tests be confirmed by culture (1, 5, 8) . In contrast, the results of our study suggest that the LightCycler PCR assay is more sensitive than our standard culture method for detecting GAS in the throat swab samples of our patients. After discordant positive results for the LightCycler PCR and Directigen methods versus the results of culture were reconciled by a review of the patient's medical history, the LightCycler PCR detected more truepositive samples (n ϭ 58) than either the Directigen method (n ϭ 31) or culture (n ϭ 55). This increase in sensitivity was statistically significant (P Ͻ 0.0001) for the LightCycler PCR versus the Directigen method but was not statistically significant for the LightCycler PCR versus culture (P ϭ 0.5465). The enhanced detection of GAS by the LightCycler PCR may be related to both the inherent qualities of the real-time PCR assay and the DNA extraction technique used. In prior prospective clinical studies, we have consistently noted increases in sensitivities for assays that use the LightCycler PCR technology compared to the sensitivities of standard culture methods. These include assays for B. pertussis (219% increase) (20) , herpes simplex virus (23% increase) (10), varicella-zoster virus (91% increase) (11) , and cytomegalovirus (88% increase) (M. J. Espy and T. F. Smith, Abstr. 100th Gen. Meet. Am. Soc. Microbiol., abstr. C-62, 2000). As a result of these clinical studies we have replaced standard culture-based methods with LightCycler PCR assays for direct detection of these organisms from clinical samples. We assume that the enhanced sensitivity of the LightCycler PCR assay is related in part to the S.E.T.S., which is used to prepare the specimen. This centrifugation appliance effectively concentrates pharyngeal secretions from throat swabs. Although we did not study this, higher rates of detection of GAS may occur if the concentrate from a tube in the S.E.T.S. is cultured or tested by the Directigen rapid antigen immunoassay.
The value of a real-time PCR assay for detection of group B streptococci directly from vaginal and/or anal swab specimens from women has recently been demonstrated by Bergeron and colleagues (3). To our knowledge, the present study is the first to demonstrate the utility of a real-time PCR method for detection of GAS directly from throat swab specimens. In both studies, the results were available on the same day that the test was ordered, allowing the initiation of appropriate antimicrobial therapy sooner and lessening the chance for untoward sequelae.
Using workload recording, an established National Committee for Clinical Laboratory Standards method for determination of the personnel time required to perform laboratory tests (16), we determined that the personnel time required for detection of GAS from throat swabs for the LightCycler PCR method (3 min) was less than half the time required to perform the combined rapid antigen detection and culture methods (7 min). In our practice, in accordance with practice guidelines provided by the Infectious Diseases Society of America (5), culture is performed for all specimens for which the rapid immunoassay is negative. Therefore, we counted the time required to perform the Directigen antigen immunoassay and culture if culture was subsequently required. This significant savings in personnel time is critically important in view of the diminishing pool of qualified laboratory technologists and the budgetary constraints that many laboratories are experiencing in the United States.
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With the rapidity with which the LightCycler PCR assay can be performed, results can be relayed to health care providers and patients on the same day that the test is ordered. At the Mayo Clinic, we have found that it is convenient to perform three batches of tests per day, which permits a turnaround time for results of Յ8 h. This turnaround time competes favorably with that for culture, which requires up to 48 h before a final report can be issued. Also, throat swab specimens can be obtained from our ambulatory patients with pharyngitis by a nurse practitioner without the need for a physician visit. The results from analyses are entered electronically into a computerized telephone callback system. To access their results, patients call a toll-free telephone number and listen to a recorded message. The test results are provided and the patient is notified that a prescription can be picked up at a pharmacy preselected by the patient. Such rapid turnaround times and convenient reporting of results are welcomed by our patients and should have a significant effect on the appropriate and expedient delivery of antimicrobics for streptococcal pharyngitis.
Although the time required to complete the Directigen method is less than the time required to complete the LightCycler PCR (10 min versus 1.5 h), the lack of sensitivity of the Directigen method precludes a "rapid" result for the vast majority of our patients. Because cultures are performed for throat swabs with negative results by the Directigen method, at our institution the proportions of throat swabs that must be cultured and that therefore require up to 2 days for final results are approximately 85% in the winter months and 95% in the summer months. This is because in winter months the frequency of positive samples is nearly 30% and in summer months the frequency is 10%. Since the Directigen rapid antigen immunoassay has a sensitivity of approximately 50%, only half of the 30 of 100 and 10 of 100 true-positive samples will be detected during these periods, respectively. Besides accuracy, the LightCycler PCR assay (including the S.E.T.S. extraction step) has the advantage of a very rapid analytical time (ϳ1 h) compared to that of culture (1 to 2 days). Although the Directigen immunoassay that we tested can be performed within a few minutes, it was considerably less sensitive than either the LightCycler PCR method or culture. A potential drawback of enhanced sensitivity, as may occur with LightCycler PCR technology, is that low colony counts for GAS associated with carriage and not disease may be detected. However, in the present study all discordant positive results for the LightCycler PCR method versus the results of culture were believed to be associated with disease.
A recent publication suggests that because sequelae like rheumatic fever are less of a concern in adult patients, rapid antigen testing alone is adequate for diagnosis (6) . We question the validity of this recommendation for several reasons. Because many rapid antigen tests are observed to have such low sensitivities, many adult cases of active disease and colonization may be underdiagnosed. These infected adults may serve as a reservoir for the spread of GAS to children. Although rarely a complication, invasive streptococcal disease can result in significant morbidity and mortality in adults. Antecedent GAS pharyngitis or GAS colonization likely precedes GAS invasive disease. Finally, the authors of this paper suggest that the high specificities but lower sensitivities of rapid antigen tests compared with the results of culture should minimize overprescription of antibiotics in adults. A counterargument might be that because rapid antigen tests miss so many GAS pharyngitis cases, physicians may discount the results and may more frequently prescribe antibiotics on an empirical basis.
The LightCycler PCR assay is relatively easy to perform and should be adaptable to smaller laboratories. The footprint of the instrument and the associated computer is relatively small compared to those of other laboratory instruments. As the present study suggests that the sensitivity of the LightCycler PCR assay for the detection of GAS in throat swabs exceeded that of culture, we believe that it is unnecessary to perform cultures when the results of the LightCycler PCR assay are negative. Furthermore, as susceptibility testing is not recommended for GAS (all strains remain susceptible to beta-lactam antimicrobics, although some strains are resistant to erythromycin [15] ), culture, which is necessary for susceptibility testing, is not required. If culture is required for antibiotic resistance surveillance or for DNA genomic fingerprint analysis, as may be necessary during outbreaks of invasive streptococcal disease, specimens that are positive by the LightCycler PCR could be cultured.
An additional potential advantage of the LightCycler PCR assay is that it can distinguish among the three beta-hemolytic streptococci that have been associated with pharyngitis: GAS and group C and group G streptococci (17) . This is possible by virtue of melting curve analysis with FRET probes. In the target nucleic acid used for the assay, group C and group G streptococci share the same sequence, which is 1 bp different from the sequence of GAS. Therefore, when the temperature is slowly increased, the separation (melting) of FRET hybridization probes from the target DNA occurs over a temperature range for GAS different from that for group C and group G streptococci (Fig. 3) . This finding is expected, as present data suggest that large-colony-forming group C and group G betahemolytic streptococci which are associated with human disease are related at the species level and are classified as S. dysgalactiae subsp. equisimilis (21) . In the present study, 10 (3%) of 322 throat swab specimens that were negative for GAS had melting curves compatible with group C or group G streptococci. In the present study, in accordance with our present practice, beta-hemolytic streptococci isolated in culture were screened only for the GAS antigen. In a prior study in which GAS and group C and group G streptococci were identified from throat swabs, we noted that 2.8% of all swabs negative for GAS had either group C or group G streptococci (15) , which is similar to the percentage noted in the present study. Nevertheless, further clinical studies are required to correlate the melting curves for group C and group G streptococci produced by the LightCycler PCR assay for GAS with confirmation of the presence of group C and group G streptococci by culture identification methods.
In conclusion, the Roche LightCycler PCR assay is a reliable method for detection of GAS from throat swabs. The high sensitivity and specificity of the method make it a suitable stand-alone test. The advantages of the LightCycler PCR assay over the conventional diagnostic approach for detection of GAS from throat swabs (i.e., rapid antigen immunoassay and culture) include ease of use, less personnel time, and a considerably shorter analytical time (ϳ1 h versus up to 2 days), allowing the more rapid reporting of results to clinicians.
